Criterion-versus distribution-shift accounts of frequency and strength effects in recognition memory were investigated with Type-2 signal detection receiver operating characteristic (ROC) analysis, which provides a measure of metacognitive monitoring. Experiment 1 demonstrated a frequency-based mirror effect, with a higher hit rate and lower false alarm rate, for low frequency words compared with high frequency words. In Experiment 2, the authors manipulated item strength with repetition, which showed an increased hit rate but no effect on the false alarm rate. Whereas Type-1 indices were ambiguous as to whether these effects were based on a criterion-or distribution-shift model, the two models predict opposite effects on Type-2 distractor monitoring under some assumptions. Hence, Type-2 ROC analysis discriminated between potential models of recognition that could not be discriminated using Type-1 indices alone. In Experiment 3, the authors manipulated Type-1 response bias by varying the number of old versus new response categories to confirm the assumptions made in Experiments 1 and 2. The authors conclude that Type-2 analyses are a useful tool for investigating recognition memory when used in conjunction with more traditional Type-1 analyses.
The aim of this article is to introduce the use of Type-2 signal detection theory (SDT) as a means of investigating the cognitive and metacognitive processes involved in old/new recognition memory judgments. To illustrate the insights to be gained from the use of this methodology, we report three experiments. The first is on the word frequency effect, and the second is on the strength effect. In the third experiment, we manipulated response bias by varying the number of old/new response categories available at test, and we conducted this experiment to test some assumptions that we made in Experiments 1 and 2. However, before we introduce the background to these different effects in recognition memory, we begin with a brief review of standard (or Type-1) SDT and its less well-known variant, Type-2 SDT.
SDT
In old/new recognition memory experiments, participants are typically given a list of items to study (e.g., words or pictures) and then administered a recognition test, consisting of (old) target items from the study phase randomly intermixed with (new) distractors. At test, participants are required to judge each individual item as either "old" (previously studied) or "new" (not previously studied). Data from recognition memory experiments are commonly analyzed using SDT (e.g., Macmillan & Creelman, 2005; Rotello, Macmillan, & Reeder, 2004; Yonelinas, 1994) . According to SDT, targets and distractors on the recognition memory task are each distributed over a psychological strength-of-evidence dimension, with targets having higher mean strength than distractors (see Figure 1 ). To make a recognition decision, participants are assumed to adopt a criterion (c in Figure 1 ) somewhere along the strength-of-evidence dimension. If a test item has strength equal to or above the criterion, it is judged "old"; otherwise, it is judged "new."
As shown in Figure 1 , the criterion splits the target and distractor distributions into two, yielding four areas. The areas under the target distribution above and below the criterion constitute the hit rate (HR) and the miss rate (MR), respectively, whereas the areas under the distractor distribution above and below the criterion constitute the false alarm rate (FAR) and correct rejection rate (CRR), respectively. By convention, recognition memory performance is usually described by the HR and FAR only. The HR and FAR can be used to determine two SDT indices corresponding to bias-free accuracy or discrimination (i.e., the ability to discriminate between targets and distractors) and response bias (i.e., the tendency to respond "old" regardless of the type of item being judged). For example, commonly used indices of discrimination and response bias are dЈ and c, respectively. dЈ is the distance between the means of the target and distractor distributions in standard deviation units, whereas c is the distance between the criterion and the intersection point of the targets and distractor distributions, also measured in standard deviation units.
The discrimination and response bias indices provide useful information about recognition memory performance. However, these measures are often accompanied by confidence-based receiver operating characteristics (ROCs). An ROC is a plot of the HR against the FAR accumulated across different levels of confidence. It is assumed that the strength-of-evidence dimension is analogous to a dimension of confidence about the oldness of the recognition stimulus, so by treating each level of confidence as a separate point on this dimension, several HRs and FARs can be determined. Figure 2 shows how 6-point ROCs could be plotted from a 6-point confidence scale. A number of different pieces of information can be gleaned from the ROC curve. First, the extent to which the curve bows from the major diagonal (typically included on the ROC) gives an indication of discrimination, with more bowing indicating greater discrimination. Figure 2 shows two ROCs, one for dЈ ϭ 1 and another for dЈ ϭ 2. Second, the shape of the ROC gives an indication of the nature of the underlying target and distractor distributions: A curvilinear ROC that is symmetric around the minor diagonal suggests underlying normal distributions of equal variance, similar to those shown in Figure 1 (see Macmillan & Creelman, 2005 , for extended discussion). Both ROCs shown in Figure 2 were generated from a model like that shown in Figure 1 .
Type-1 Versus Type-2 SDT
The kind of SDT analysis of recognition data outlined above has been very influential in guiding the development of models of recognition memory (e.g., see Rotello & Macmillan, 2006; Rotello et al., 2004; Verde & Rotello, 2004; Yonelinas, 1994 Yonelinas, , 1997 . Technically, it is described as Type-1 or stimuluscontingent discrimination because the observer is required to discriminate between experimenter-defined stimuli (e.g., targets vs. distractors). However, a lesser known SDT task involves the discrimination between the observer's own correct and incorrect responses, which is known as Type-2 or responsecontingent discrimination (e.g., Clarke, Birdsall, & Tanner, 1959; see Galvin, Podd, Drga, & Whitmore, 2003 , for a review). Because of this critical difference in the nature of the discrimination task, the discrimination index for Type-2 SDT is not a bias-free measure of accuracy, as with Type-1 SDT, but rather a metacognitive index reflecting the relationship between confidence and accuracy (e.g., for discussion, see Higham, 2002 Higham, , 2007 Higham & Arnold, 2007a , 2007b Higham & Gerrard, 2005; Higham & Tam, 2005) . Essentially, it measures the degree to which participants metacognitively monitor the accuracy of their own responses. The meaning of the bias index also varies between Type-1 and Type-2 SDT; the Type-2 bias index measures the overall tendency to judge responses as either "correct" or "incorrect" with confidence ratings.
To illustrate Type-2 discrimination, consider a situation in which participants are required to make an old/new recognition decision and then rate the accuracy of their response by means of a high versus low confidence rating. Someone with good metacognitive monitoring (i.e., good Type-2 discrimination) will tend to assign high confidence to a high proportion of their correct responses and a low proportion of their incorrect responses. These two proportions correspond to the Type-2 HR and FAR, respectively. Figure 3 shows a flow chart for Type-1 and Type-2 discrimination applied to recognition, although the approach could equally be used in any memory test in which responses can be classified as objectively correct or incorrect. In this figure, and throughout the remainder of this article, we use the subscripts "1" and "2" to denote terms specific to Type-1 and Type-2 discrimination, respectively, and the subscripts "T" and "D" denote terms specific to targets and distractors, respectively. There are two counterintuitive points to note from Figure 3 . First, it is possible to calculate a Type-2 HR and MR for distractors (i.e., HR 2D and MR 2D ) and to calculate a Type-2 FAR and CRR for targets (i.e., FAR 2T and CRR 2T ). Readers used to standard, Type-1, SDT in which the HR (HR 1 ) and FAR (FAR 1 ) are specific to targets and distractors, respectively, may Figure 1 . Single-dimension, Type-1 signal detection model for recognition. c ϭ old/new criterion; CRR ϭ correct rejection rate; HR ϭ hit rate; MR ϭ miss rate; FAR ϭ false alarm rate. Figure 2 . Two hypothetical receiver operating characteristic curves, one for dЈ ϭ 1 and the second for dЈ ϭ 2. The numeric labels refer to the level of confidence at or above which a "yes" ("old") response is assumed. HR ϭ hit rate; FAR ϭ false alarm rate. find this rather peculiar. It occurs because both correct and incorrect responses can be made to both targets and distractors. For instance, it is possible for participants to believe confidently that a target item is new: In Type-2 signal detection analysis this would be a false alarm to a target, because high confidence is assigned to an error. Conversely, a low confidence response that a target is old would be a miss in the Type-2 domain, because a low confidence rating is assigned to a correct response.
The second point to note follows the observations above. Type-2 miss responses (M 2 /M 2T /M 2D ) correspond to correct Type-1 responses, whereas Type-2 correct rejections (CR 2 /CR 2T /CR 2D ) correspond to incorrect Type-1 responses. This occurs because M 2 / M 2T /M 2D and CR 2 /CR 2T /CR 2D are referring to the accuracy of the Type-2 discrimination (i.e., whether participants can tell the difference between their own correct and incorrect responses), not to the accuracy of Type-1 responses. Hence, M 2 /M 2T /M 2D is a correct Type-1 response classified as inaccurate Type-2 discrimination because the observer misclassified it as incorrect. Similarly, CR 2 /CR 2T /CR 2D is an incorrect Type-1 response classified as accurate Type-2 discrimination because the observer correctly classified it as incorrect (see Figure 3) .
It is not necessary that participants make an explicit, dichotomous "correct" versus "incorrect" decision in addition to an "old" versus "new" response to analyze performance data using Type-2 SDT. Just as with Type-1 SDT, it is possible to apply the same methodology to other forms of memory test, such as cued-recall (Higham, 2002) , or in conditions in which participants have to decide whether to report a response or withhold it rather than explicitly rate their confidence (Higham, 2007, Experiment 2) . It is also possible to plot a Type-2 ROC curve in the same manner as Type-1 SDT, using confidence data to manipulate the response criterion. For the experiments reported in this article, the "correct" versus "incorrect" decision is obtained from Type-2 confidence ratings regarding the accuracy of their response made on a 6-point scale. Different "correct/incorrect" criteria are assumed for each value on the scale, which generates several HR 2 s and FAR 2 s for each participant. These values can then be plotted on a Type-2 ROC. Table 1 shows how to obtain the ROC values for both Type-1 and Type-2 discrimination. For this table, the term "cc" has been included to denote the criterion associated with a particular level of confidence (e.g., confidence level 4 on a 6-point scale). Two types of confidence are relevant. The term "cc 1 " refers to confidencein-oldness, a rating about a stimulus. The term "cc 2 " refers to confidence-in-accuracy, a rating about a response. To clarify the notation, consider first HR 1 for Type-1 detection (see top left part of Table 1 ). This entry reads as "the number of 'old' responses assigned specifically to targets at or above a given level of confidence-in-oldness (Type-1 confidence criterion ϭ cc 1 ) divided by the number of targets." If all levels of confidence are being considered (i.e., cc 1 is maximally liberal), or no confidence rating is taken, then HR 1 simply becomes the number of "old" responses assigned to targets, divided by the number of targets. If cc 1 ϭ 4 on a 6-point scale, then the HR 1 is equal to the number of "old" responses assigned to targets with confidence-in-oldness of 4 or higher divided by the number of targets.
Type-2 confidence-based ROCs are calculated in the same way as traditional Type-1 ROCs (see Higham, 2007, for details) . However, it is critical that the confidence rating pertain to the accuracy of the response and not to the oldness of the item (which is a Type-1 confidence rating). To highlight the difference, consider two 6-point scales, the first used for a Type-1 rating, ranging from 1 (certain new) to 6 (certain old), whereas the second is used for a Type-2 rating, ranging from 1 (guess) to 6 (certain correct). Consciously recollected targets may be assigned high confidence regardless of whether the confidence Type 2 Response "Correct" "Incorrect" "Correct" "Incorrect" "Correct" "Incorrect" "Correct" "Incorrect" rating is Type-1 or Type-2. In the former case, confidence is high that the item is old. In the latter case, confidence is high that the judgment of "old" is correct. However, use of the scales will differ for confident CR 1 s. For these cases, there may be high (Type-1) confidence that the item is new, yielding a low value on the confidence-in-oldness 6-point scale, but high (Type-2) confidence that the "new" judgment is correct, yielding a high value on the confidence-in-accuracy 6-point scale. In both Type-1 and Type-2 analysis, the ROC curve drawn out in this fashion represents the points of equal sensitivity across changes in response bias. In Type-1 analysis, sensitivity is to the ability to discriminate targets from distractors, and bias measures the tendency to report items as being "old" or "new."
In Type-2 analysis, sensitivity refers to the ability to discriminate correct from incorrect responses, and bias measures the tendency to report responses as correct or incorrect. Note that some Type-1 terms can be used to derive Type-2 terms (see Figure 3 and Table 1 ). This is important because it shows the relationship between Type-1 and Type-2 detection in recognition. For example, H 1 and CR 1 can be used to derive HR 2 , whereas FA 1 and M 1 can be used to derive FAR 2 . That is because H 1 and CR 1 constitute correct responses, which are the denominator of HR 2 , whereas M 1 and FA 1 constitute incorrect responses, which are the denominator of FAR 2 . However, it is important to stress that Type-1 and Type-2 analyses are not merely reanalyses of the same data. Type-1 analysis examines the sensitivity and bias of judgments about stimuli (targets and distractors), whereas Type-2 analysis examines the sensitivity and bias of judgments about correct/incorrect decisions. Correspondingly, Type-1 ROC curves are plotted using confidencein-oldness judgments, whereas Type-2 ROC curves are plotted using confidence-in-accuracy judgments. Thus, the two forms of ROC curve require different types of ratings to be collected. Because of our focus on Type-2 analysis, the present studies only collected Type-2 confidence-in-accuracy ratings.
The Mirror Effect
The mirror effect (e.g., Glanzer & Adams, 1985 , 1990 Glanzer, Adams, Iverson, & Kim, 1993; Glanzer & Bowles, 1976 ) is a commonly observed phenomenon in recognition memory that occurs when some manipulation has one effect on the HR 1 but an opposite effect on the FAR 1 . For example, many studies have demonstrated that words with low lexical frequency exhibit a higher HR 1 as well as a lower FAR 1 , compared with high frequency words (e.g., Criss & Shiffrin, 2004; Hirshman & Palij, 1992; Malmberg & Murnane, 2002) . The word frequency effect occurs regardless of whether word frequency is manipulated between lists, such that all items on a given study list are either high frequency or low frequency, or within lists, such that the study list consists of both high and low frequency items.
There are at least two SDT models that can account for the mirror effect (e.g., Hirshman, 1995; Stretch & Wixted, 1998) . Model A is shown in the top panel of Figure 4 . According to this model, which is often attributed to Brown, Lewis, and Monk (1977) , low frequency targets (T L ) have higher strengthof-evidence than high frequency targets (T H ). Consequently, they are positioned further to the right on the strength-ofevidence dimension. It is assumed that participants are sensitive to the higher strength of low frequency targets, and so adopt a 
Note. HR ϭ hit rate; cc ϭ the criterion associated with a particular level of confidence; H ϭ hits; M ϭ misses; CR ϭ correct rejections; FAR ϭ false alarm rate; FA ϭ false alarms; N/A ϭ not applicable. Subscripts "1" and "2" designate Type-1 and Type-2 signal detection parameters, respectively. Subscripts "T" and "D" designate targets and distractors, respectively.
more stringent old/new criterion for low frequency items (C L ) than high frequency targets (C H ). However, the criterion is not moved as far up the strength-of-evidence dimension as the mean of the T L distribution. The result is that, relative to high frequency items, the HR 1 for low frequency targets is increased, and the FAR 1 is decreased: the mirror effect.
1
Model B, shown in the bottom panel of Figure 4 , produces the mirror effect without a criterion shift. According to this is model, the mirror effect occurs because there are two distractor distributions and two target distributions. As with Model A, it is assumed that T L is located to the right of T H . In contrast, D L is located to the left of D H . The positioning of the target distributions would occur if low frequency targets elicited more conscious recollection than high frequency targets, whereas the positioning of the distractor distributions might occur if low frequency distractors had less pre-experimental familiarity compared with high frequency items (e.g., Joordens & Hockley, 2000) . With the target and distractor distributions positioned 1 Brown et al.'s (1977) original hypothesis has been subject to some criticism over the years. For example, some research (Greene & Thapar, 1994; Wixted, 1992) has shown that participants do not assume that low frequency items are more memorable than high frequency items. In fact, they sometimes hold the opposite assumption-that high frequency words are more memorable than low frequency words. However, more recently, Guttentag and Carroll (1998) and Benjamin (2003) have shown that participants come to the realization that low frequency words are more memorable than high frequency words, but only during the course of the recognition test. Figure 4 . Two hypothetical signal detection theory models to account for the mirror effect. Model A assumes that there is a criterion shift, whereas Model B assumes that there is different positioning of the distractor distributions on the strength-of-evidence scale. D ϭ distractor; T ϭ target; L ϭ low frequency; H ϭ high frequency; c ϭ the old/new criterion.
in this manner, a mirror effect will occur even if the criterion remains stable throughout the test list (c).
Part of the difficulty of distinguishing between these two models derives from the fact that SDT indices are relative, not absolute, measures. For example, the discrimination index dЈ indicates the distance between the target and distractor distributions, and the response bias measure c indicates the distance between the criterion and the intersection point of the target and distractor distributions, both measured in standard deviation units. Neither indicates where, in absolute terms, either the distributions or criterion is located on the strength-of-evidence dimension. As a case in point, consider Model A shown in the top panel of Figure 4 . Although the criterion has shifted between the low and high frequency conditions in this model, the measure c would equal zero in both the high and low frequency conditions (because it is located at the intersection point of the relevant distributions in both cases), suggesting that no shift had occurred. In short, Type-1 indices on their own are insufficient for discriminating between the models.
Type-2 SDT may have the potential to discriminate between the models, and it is this potential that we hope to demonstrate in the current research. Models A and B differ primarily in how each accounts for the FAR 1 portion of the mirror effect, with a distractor distribution difference in Model B versus a criterion shift in Model A. Consequently, although these two accounts yield identical Type-1 indices, they have opposing effects on distractor monitoring (i.e., Type-2 discrimination of distractors). In particular, Model A predicts that low frequency items should be monitored worse than high frequency items, whereas Model B predicts that they should be monitored better.
To understand this, consider the distributions in Figure 5 . The three panels on the left of Figure 5 show distractor distributions on a Type-1 dimension ranging from certain new (Ϫ4) to certain old (ϩ4), each with an old/new criterion (c). In Figure 5 , we have referred to the Type-1 and Type-2 dimensions as confidence-inoldness and confidence-in-accuracy, respectively, rather than the more common "strength" or "strength-of-evidence." Our terminology assists in distinguishing between the two dimension types, and we use them for the remainder of the article in places where making this distinction is critical. The top-left distractor distribution could correspond to high frequency items, with a mean slightly less than zero (Ϫ0.75) and an old/new criterion (c) at zero. The criterion splits the distractor distribution into two-FA 1 s and CR 1 s-with fewer of the former than the latter. In all the experiments reported here, we collected only confidence ratings about the accuracy of the response, whether that response is "old" or "new," not confidence ratings about the oldness of the item. However, to generate predictions and test Type-1 models, we first need to resolve the problem of how Type-1 confidence-in-oldness is mapped onto Type-2 confidence-in-accuracy. Our solution was to compute absolute values of Type-1 confidence for use on the Type-2 dimension, with higher absolute values of confidence-inoldness corresponding to higher confidence-in-accuracy. For example, an item located at Ϫ3 on the confidence-in-oldness dimension would be a correct rejection with low confidence-in-oldness. This item is translated into a correct decision assigned a high level of confidence-in-accuracy (ϩ3) on the Type-2 dimension, which ranges from guessing to certain correct. The same is true of an item located at ϩ3 on the confidence-in-oldness dimension. On the basis of these assumptions, both a Type-2 incorrect response (noise) distribution (derived from incorrect Type-1 decisions: false alarms) and a Type-2 correct response (signal-plus-noise) distribution (derived from correct, Type-1 decisions: correct rejections) is generated, which is shown on the top-right of Figure 5 . By adopting several Type-2 criteria on the Type-2 confidence-inaccuracy dimension, it is possible to generate an ROC curve corresponding to the high frequency distractor distribution. This curve is labeled "Top panel in Figure 5 " and appears as filled black circles in Figure 6 . It serves as a baseline that can be used to determine the effect of a conservative criterion shift (Model A) or a distribution shift to the lower extreme (Model B). Now consider the middle panel of Figure 5 that could correspond to low frequency items. For the Type-1 decision, it is assumed that a more stringent old/new criterion has been adopted (c set at ϩ0.5), but the low frequency distribution has the same mean as the high frequency distribution above it (Ϫ0.75). The adoption of the stringent criterion for low frequency items lowers the FAR 1 and corresponds to Model A (see Figure 4) . However, when the correct and incorrect Type-1 decisions to low frequency items are translated into Type-2 space (shown on the right-middle panel of Figure 5 ), the distributions differ dramatically from the correct and incorrect high frequency distractor distributions shown in the top-right of Figure 5 . In particular, the movement of the Type-1 criterion from 0 to 0.5 eliminates incorrect false alarms, and adds correct rejections in the region 0 -0.5 on the confidencein-accuracy dimension. Thus, a clear prediction that emerges from Model A is that monitoring is reduced for low frequency items relative to high frequency items because, for low frequency items, the mean of the incorrect item distribution increases, whereas the mean of the correct item distribution decreases. Furthermore, because the FAR 2 equals 1.0 for all criteria less than 0.5 on the confidence-in-accuracy dimension, this would create an intercept of the right hand y-axis of the Type-2 ROC curve. This curve is labeled "Middle panel in Figure 5 " and appears as crosses in Figure 6 .
In contrast, consider the bottom panel in Figure 5 , which represents the predictions that derive from Model B. In this case, recognition judgments might again be made to low frequency items. However, in contrast to the previous example, the mean of the low frequency distribution on the confidence-in-oldness dimension is less (Ϫ1.25) than the mean of the high frequency distribution (Ϫ0.75; top panel), whereas the criterion (c) is placed at 0 in both cases. The different distribution positions mean that the FAR 1 is lower for low frequency distractors than high frequency distractors, and corresponds to Model B's account of the FAR 1 portion of the mirror effect (see Figure 4) . However, when correct (CR 1 s) and incorrect (FA 1 s) item distributions are generated in Type-2 space (bottom-right of Figure 5 ), it is clear that the mean of the former increases, whereas the mean of the latter decreases. These changes would have the impact of increasing monitoring, as shown in the ROC with the label "Bottom panel in Figure 5 ," which appears as unfilled squares in Figure 6 . Also, in contrast to Model A, no intercept is predicted on the right-hand y-axis of the Type-2 ROC curve.
A set of related predictions can be generated for targets. Both Models A and B assume that the low frequency target distribution is shifted to the right relative to the high frequency target distribution (see Figure 4 ). This shift toward the upper end of the scale Figure 5 . Type-1 distractor distributions (left) and the Type-2 correct (on the basis of Type-1 correct rejections) and incorrect (on the basis of Type-1 false alarms) response distributions (right) that are generated from them under the direct-translation hypothesis. With respect to Experiment 1, the top panel shows high frequency items, the middle panel shows low frequency items after a Type-1 criterion shift (Model A), and the bottom panel shows low frequency items with lower confidence-in-oldness than high frequency items (Model B). Although the predictions are discussed with respect to high and low frequency distractors for Experiment 1, similar predictions are made for other normal distractor distributions with similar placements and criteria. c ϭ the old/new criterion.
would reduce distractor monitoring. However, for targets, responses below the criterion are incorrect (M 1 s), whereas items above it are correct (H 1 s), which is opposite to distractors (i.e., correct CR 1 s and incorrect FA 1 s are below and above the criterion, respectively). Consequently, the shift to the upper extreme for low frequency targets has the opposite effect; that is, it increases, rather than reduces, monitoring compared with high frequency targets. The predicted increase is bolstered for Model A because there is the additional assumption of a conservative criterion shift. Whereas this shift decreases monitoring for distractors, it increases it for targets. Again, this reversed prediction occurs because correct and incorrect Type-1 responses for targets versus distractors are in opposite locations with respect to the criterion. Hence, the prediction for targets is the same for both Model A and Model B: better monitoring for low compared with high frequency targets.
In summary, Model A and Model B make two differential predictions regarding Type-2 ROC curves for distractors: Model A predicts that low frequency distractors should be monitored worse than high frequency distractors, whereas Model B predicts that they should be monitored better. A secondary prediction is that only Model A predicts that distractor monitoring should drop below chance, with the ROC intercepting the right-hand y-axis for low frequency items at liberal criteria (see Figure 6 ). Finally, both models predict that low frequency targets should be monitored better than high frequency targets. The only difference between the two models is that Model A, which incorporates the assumption of a conservative criterion shift, predicts that the difference between low and high frequency target monitoring should be more extreme.
Clearly the models and theoretical ROCs shown in Figures 5 and 6 are founded upon some assumptions, such as the Type-1 criterion for high frequency items being set at 0 rather than some other value, and the mean of the distractor distribution having a negative value. We believe both of these assumptions are plausible and provide a good starting point for making predictions about Type-2 ROCs. Critically, however, violations of these assumptions do not make any difference to the central prediction that a criterion shift toward conservativeness (Model A) on the confidence-inoldness dimension reduces distractor monitoring, whereas a distribution shift toward the lower end of the confidence-in-oldness dimension (Model B) increases it. Another central assumption is that Type-2 confidence-in-accuracy can be determined by computing absolute values of confidence-in-oldness and that the psychological distance between any two scale values are equal within and between dimensions. In other words, confidence-in-accuracy can be directly translated from confidence-in-oldness, something we hereafter refer to as the direct-translation hypothesis. Clearly, this is not the only translation possible, so we test its validity more fully in Experiment 3 and discuss its implications in the General Discussion section.
Overview of the Experiments
To demonstrate the potential of Type-2 SDT for discriminating between possible models of recognition performance, we conducted three recognition experiments. In Experiment 1, we examined the word-frequency mirror effect, comparing recognition performance between words of high and low lexical frequency. In Experiment 2, we investigated the repetition-based strength effect, comparing recognition performance between words presented several times during study (strong) with words presented only once (weak; e.g., Benjamin, 2001; Dewhurst & Anderson, 1999; Hilford, Glanzer, & Kim, 1997; Morrell, Gaitan, & Wixted, 2002; Shiffrin, Huber, & Marinelli, 1995; Stretch & Wixted, 1998) . In Experiment 3, we manipulated Type-1 response bias directly and observed the effect on target and distractor monitoring.
The old/new recognition data were analyzed in the traditional way, generating a HR 1 and FAR 1 for each participant, and determining Type-1 discrimination and response bias. This analysis allowed us to test whether a mirror effect was obtained. However, in addition, we also gathered Type-2 confidence ratings in each experiment; that is, regardless of whether an "old" or "new" response was made, participants were asked to rate their confi- dence that the response was correct. Using these confidence data, we generated Type-2 ROC curves to test the predictions concerning these curves derived from various models of the mirror effect.
Experiment 1

Method
Participants. Twenty-four undergraduate volunteers from the University of Plymouth (20) and the University of Southampton (4) participated for course credit. All participants gave their informed consent to participate in advance of the experimental session.
Materials. A list of 144 English words, selected from the Medical Research Council (MRC) psycholinguistic database was used in the experiment. All words were nouns, either five or six letters in length. Half of the words were high frequency, with a Thorndike-Lorge written frequency of greater than 500, whereas the other half were low frequency words, with a Thorndike-Lorge written frequency between 5 and 17. In addition, four words were added to act as primacy and recency buffers at study. Study words were presented on a computer screen in black capital letters on a white background as part of a PowerPoint slideshow presentation. Test words were presented on four separate sheets of white paper in black ink capital letters.
Design. The experimental design was 2 (prior presentation: target/distractor) ϫ 2 (frequency: high/low) and within subjects. At study, 74 words were presented to participants via a slideshow on a computer monitor. The first and last two words in the list were treated as primacy and recency buffers and were not presented at test. Half of the remaining 70 words were high frequency words, and the other half were low frequency words. At test, 140 words were presented, including all 70 target words. Additionally, 70 distractor words were presented, half of which were high frequency words, and half were low frequency words. Four different study lists and two different test lists were used to rotate the items through the four experimental conditions (low frequency target, high frequency target, low frequency distractor, high frequency distractor) across participants, with fixed quasi-random presentation orders used at study and test.
Procedure. All participants were tested individually. Prior to beginning the experiment, participants were informed that the study was about recognition memory, and they were asked to read and sign a consent form. They were told they would be requested to learn a list of items and later would be tested for their memory of those items. Subsequently, participants were provided with study instructions in written form and requested to read the instructions. Participants were required to read words presented individually on a computer monitor and to try to learn them for a later memory test. After participants had finished reading the instructions, they pressed the space bar to initiate a slideshow presentation, with each word presented for 3 s separated by a 1-s interstimulus interval. In total, the study phase lasted approximately 5 min.
After the study phase, participants were provided with a test booklet. Test instructions were printed on the first page of the test booklet requiring participants to read each test word and to make a decision about whether it was presented at study. Participants indicated their recognition decision by writing "O" (meaning "old") or "N" (meaning "new") next to each of 140 test words, which were printed on four sheets (following the instruction sheet) of 38, 38, 38, and 26 items each. Participants were also were required to provide a judgment of how confident they were that their recognition response was correct in a second column next to the test items. The confidence judgment was made on a 6-point scale ranging from 1 (not at all confident) to 6 (very confident). It was made clear to participants that they had to provide a judgment of how confident they were that the response they had provided was correct and not of how confident they were that an item was old. Moreover, it was made clear to participants that "new" responses could elicit a high confidence rating as well as "old" responses. In particular, the following instructions were included:
Note that you can be just as confident about a "new" decision as you might be about an "old" decision. For example, you are probably very confident that your name did not appear on the study list (which it didn't!), because you would have remembered it if it did. So, if one of the test words was your name, you would respond "new" to it on the test, and rate your confidence as "6." On the other hand, you probably remember quite well that "university" and "Santa" actually did appear near the beginning of the list. So, if they were shown on the test, you would respond "old", and rate your confidence as "6."
The instruction sheet contained examples of correct and incorrect methods of filling out the required information for each item. After completing the test, which was self-paced, participants were debriefed and dismissed.
Results
Type-1 analysis. HR 1 and FAR 1 were calculated from the number of positive responses ("O") given to test items. Also, dЈ (an SDT measure of discrimination) and c (an SDT measure of response bias) were calculated from HR 1 and FAR 1 (Macmillan & Creelman, 2005) . To avoid undefined values, we applied Snodgrass and Corwin's (1988) correction factor to the frequencies making up the HR 1 s and FAR 1 s prior to calculating dЈ and c. On the other hand, for statistical tests conducted directly on the HR 1 s and FAR 1 s, uncorrected scores were used. The mean uncorrected HR 1 and FAR 1 , along with mean dЈ and c, are reported in Table 2 as function of word frequency level. A single mean index of monitoring was computed for low frequency targets, high frequency targets, low frequency distractors, and high frequency distractors by collapsing the arithmetic difference between HR 2 and FAR 2 across "6," "5ϩ," "4ϩ," "3ϩ," and "2ϩ." This mean value was then compared against chance performance (HR 2 Ϫ FAR 2 ϭ 0) with four single-sample t-tests corresponding to each item type. These analyses showed that monitoring was above chance for low frequency targets, t (23) 
Discussion
The current experiment produced a frequency-based mirror effect, replicating previous demonstrations of this effect (e.g., Glanzer & Adams, 1985 , 1990 Glanzer et al., 1993; Glanzer & Bowles, 1976) . That is, low frequency words were associated with both a higher HR 1 and a lower FAR 1 , leading to better discrimination, compared with high frequency words. There was no difference between the word types with respect to Type-1 response bias. As we noted in the introduction to this study, this pattern of results is consistent with both Model A and Model B (see Figure 4 ).
However, it was possible to derive differential predictions from the two models in terms of Type-2 analyses. Model B predicted better monitoring for low frequency distractors than high frequency distractors, whereas Model A makes the opposite prediction. In addition, Model A predicted an intercept on the y-axis for low-frequency items at liberal criteria. The results from this study were therefore unambiguous in supporting Model B and rejecting Model A: In the empirical data, monitoring of low frequency distractors was significantly greater than for high frequency distractors at most levels of confidence, and there was no evidence of an intercept on the right-hand y-axis.
Model A (see Figure 4) , in which participants are assumed to adopt more stringent criteria for more memorable items, is typically attributed to Brown et al. (1977) . Do the current results, which specifically reject Model A, mean that memorability plays no role in the control of FA 1 s? We do not believe so. Although high memorability might cause criterion shifts under some circumstances, it might also contribute to the positioning of the high frequency and low frequency distractor distributions, with low frequency distractors being monitored better than high frequency distractors because they have less confidence-in-oldness associated with them. We consider this possible role of memorability further in the General Discussion section.
The ROC analysis revealed that metacognitive monitoring was higher for low frequency targets compared with high frequency targets, but only at high levels of confidence (5ϩ and 6). Better target monitoring was predicted by both Models A and B because both assume that the low frequency targets are, on average, located higher on the confidence-in-oldness dimension than high frequency targets, which would result in more correct high confidence judgments. The interaction between confidence level and frequency was not anticipated but might be attributable to conscious recollection, which has been proposed as a source of the HR 1 portion of the mirror effect (e.g., Joordens & Hockley, 2000) . Research in metacognition has shown that conscious recollection is monitored very well; generally speaking, people are metacognitively aware when they are accurately recollecting information versus when they are failing to do so. For example, Higham (2002; Higham & Tam, 2005 , 2006 has shown that monitoring of cued recall with word pairs is excellent as long as there is no preexisting associative relationship between the pairs. As recall of such items is almost exclusively reliant on conscious recollection, these results are consistent with the idea that conscious recollec- Figure 8 . Type-2 distractor receiver operating characteristics for Experiment 1: Open circles represent low frequency targets, and filled circles represent high frequency targets. HR ϭ hit rate; FAR ϭ false alarm rate; 2 ϭ Type-2. ϭ .622, such that greater discrimination was seen for low frequency words than for high frequency words. In contrast to the preceding analyses, there was no effect of word frequency on the measure of response bias (c), F Ͻ 1.
The current experiment revealed a frequency-based mirror effect. However, the Type-1 results are completely ambiguous with regard to which model (A or B) better accounts for the data. Both models predict a higher HR 1 and dЈ, lower FAR 1 , and no difference in c, for low frequency items compared with high frequency items. Hence, examination of the Type-1 SDT indices cannot distinguish between the models, so we now turn to the Type-2 analyses.
Type-2 analysis. Separate Type-2 ROCs, which give an indication of metacognitive monitoring, were created for targets and distractors, which are displayed in Figures 7 and 8, respectively. To create the ROC for targets, we determined the number of H 1 s and M 1 s, which respectively form the denominators for all the HR 2 s (y-axis) and FAR 2 s (x-axis) plotted on the ROC (see Table  1 ). Different numerators are generated for each point on the ROC, which correspond to the number of H 1 s and M 1 s at or above a given level of confidence. For example, the number of H 1 s assigned confidence level "6" divided by all H 1 s constitutes the most conservative HR 2 (bottom left). Similarly, the number of M 1 s assigned confidence level "6" divided by all M 1 s constitutes the most conservative FAR 2 . For the next most conservative point, the number of H 1 s and M 1 s assigned confidence level "5" were added to the numerators of the HR 2 and FAR 2 , respectively. This process continued until all points on the ROC were generated. The same process is used to create the ROC for distractors, except that the HR 2 s and FAR 2 s are generated from CR 1 s (correct responses) and FA 1 s (incorrect responses), respectively.
To obtain a single measure of monitoring for each level of the confidence scale, we subtracted FAR 2 s from HR 2 s for both targets and distractors.
2 These data are shown in Table 3 . A 2 (frequency: high, low) ϫ 5 (confidence: "6," "5ϩ," "4ϩ," "3ϩ," "2ϩ") repeated-measures ANOVA on the target data revealed a main effect of confidence, F(4, 92) ϭ 22.900, MSE ϭ .111, p Ͻ .001, 2 ϭ .499, which was qualified by an interaction between frequency and confidence, F(4, 92) ϭ 10.202, MSE ϭ .021, p Ͻ .001, 2 ϭ .307. Pairwise comparisons revealed that participants monitored their responses better with low frequency targets than with high frequency targets only at the higher levels of confidence (6 and 5ϩ): "6, " F(1, 23) For the analogous ANOVA applied to distractors, 2 participants had to be excluded in the low frequency condition because they did not produce any FA 1 s. The main effect of frequency was significant, F(1, 21) ϭ 6.052, MSE ϭ .078, p ϭ .023, 2 ϭ .224, which was qualified by an interaction between frequency and confidence, F(4, 84) ϭ 3.654, MSE ϭ .036, p ϭ .020, 2 ϭ .148. Pairwise comparisons revealed that participants monitored their responses to low frequency distractors better than high frequency distractors at all levels of confidence, all Fs(1, 21) Ն 6.333, all ps Յ .004, all 2 We would have preferred to use A z to index Type-2 discrimination. However, A z was not used because of the large number of cases for which not all of the confidence ratings were used by participants. When this happens, extreme values (1 or 0) occur frequently when calculating cumulative proportions, leading to undefined values of A z . Had the Type-2 ROCs resembled the Type-1 equal-variance Gaussian ROCs shown in Figure 2 , the simplest solution would have been to compute dЈ on the basis of the HR 1 and FA 1 collapsed across confidence levels to obtain a single discrimination measure per participant. However, just as with Type-1 ROCs, the measure of metacognitive monitoring (Type-2 discrimination) that should be used depends on the nature of the ROCs. The empirical Type-2 ROCs obtained in all our experiments differed substantially from the theoretical ones shown in Figure 2 , suggesting that a simple analysis of dЈ would not have been appropriate. More generally, very little is known about the nature of the underlying correct and incorrect item distributions on which Type-2 ROCs are based. Consequently, we chose to investigate monitoring using a measure that would reflect potential changes in discrimination across different levels of confidence. We do not advocate this type of analysis to investigate monitoring for all Type-2 ROC curves. Just as with Type-1 SDT, if the nature of the underlying distributions is understood and the ROCs conform to those distributions, alternate measures of discrimination (and bias) can be chosen accordingly.
3 For this and any subsequent analyses for which there was a violation of sphericity, more conservative Huynh-Feldt values are reported. Also, for several ANOVAs and pairwise comparisons, it was necessary to eliminate data from some participants because of missing data, the number of which are declared and can also be determined from the degrees of freedom reported with the relevant analyses. For such cases, we report the means from the analyses, not the means for all available participants. Figure 7 . Type-2 target receiver operating characteristics for Experiment 1: Open circles represent low frequency targets, and filled circles represent high frequency targets. HR ϭ hit rate; FAR ϭ false alarm rate; 2 ϭ Type-2. tion leads to good monitoring. Similarly, Payne, Jacoby, and Lambert (2004) have found a moderate relationship between confidence and accuracy (a measure of metacognitive monitoring) in a two-alternative forced choice memory task. However, the confidence-accuracy relationship increased dramatically when it was calculated solely on an estimate of conscious recollection, which had been isolated with the process dissociation procedure (Jacoby, 1991) . If conscious recollection is accounting for the difference in monitoring efficacy between low and high frequency targets, then it is likely that this difference would be reflected mostly in high confidence judgments because at a subjective level, conscious recollection is generally understood to be compelling (e.g., Dougal & Schooler, 2007) , which would lead to accurate high confidence judgments. Because conscious recollection is anticipated to have an effect specifically on high confidence, it would result in an interaction between frequency and confidence level in the Type-2 ROC analysis, just as we observed in the current experiment.
It is also worth noting that monitoring of high frequency distractors was no better than chance. In other words, confidence ratings did not distinguish between accurate ("new") versus inaccurate ("old") judgments to these items. Although the difference between low frequency and high frequency distractors is interpretable in terms of differential memorability, participants' complete inability to discriminate between correct and incorrect responses to high frequency distractors was unexpected. More seriously, the empirical ROC for high frequency distractors does not resemble the theoretical "High frequency (Expt 1)" ROC shown in Figure 6 , which shows above-chance monitoring. Chance-level monitoring could easily be modeled by raising the mean of the high frequency distractor distribution from Ϫ0.750, shown in the top panel of Figure 5 , to 0, while keeping the criterion positioned at 0. This increase would mean that FA 1 s (incorrect decisions above the mean) would be assigned confidence equal to that assigned to CR 1 s (correct decisions below the mean), which would yield chance level monitoring. The problem with this amendment to the model is that it predicts that the FAR 1 would equal 0.500, whereas it was only 0.335 in the current experiment. We reserve further discussion of this point until after Experiment 2, where we once again report data on participants' ability to monitor distractors.
Experiment 2
In Experiment 1, we manipulated lexical frequency to produce a mirror effect. However, another method used to produce a mirror effect is to manipulate the number of presentations (i.e., strength) of the targets during study (e.g., Benjamin, 2001; Dewhurst & Anderson, 1999; Hilford et al., 1997; Morrell et al., 2002; Shiffrin et al., 1995; Stretch & Wixted, 1998) . If strength is manipulated between test lists, a strength-based mirror effect is nearly always obtained (e.g., Benjamin, 2001) , such that the HR 1 is higher, but the FAR 1 is lower, for strong items than for weak items. Conversely, if strength is manipulated within the same test list, the HR 1 portion of the mirror effect is usually obtained, but logically there is only one FAR 1 (because distractors, by definition, are not presented during study and hence not subject to the strength manipulation). Hence, in many within-list experiments on the strength effect, it is not possible to compare the FAR 1 between weak and strong distractors to establish whether a mirror effect has occurred.
However, to get around this problem, Stretch and Wixted (1998) investigated both the strength effect and the word frequency effect within the same experiment and used colors to cue the strength categories. 4 For example, in their Experiment 3, high and low frequency words were presented within the same study phase, but high frequency words were selectively strengthened by presenting them five times each throughout the study list, whereas low frequency words were presented only once. At test, (strong) high frequency items were presented in one color (e.g., red), whereas (weak) low frequency items were presented in another color (e.g., green). Therefore, participants could have used either the lexical frequency of the items and/or their color to determine whether they belonged to the strong or weak category, and this was true of both targets and distractors. Stretch and Wixted reasoned that if participants varied their old/new decision criterion on an item-by-item basis throughout the test list, adopting a more stringent criterion for strong (red, high frequency) items and a more lenient criterion for weak (green, low frequency) items, then both the HR 1 and FAR 1 portions of the word frequency effect should be affected. Indeed, the strength manipulation caused the HR 1 for strong high frequency items to be greater than the HR 1 for weak low frequency items. However, the FAR 1 for strong high frequency items remained greater than that for weak low frequency items. In other words, selectively strengthening high frequency items reversed the HR 1 portion of the word frequency effect, but the FA 1 portion of the word frequency effect remained intact. On the basis of these results, and the results of several other experiments, they concluded that item-by-item criterion shifts do not occur. This result is consistent with other research on the strength effect suggesting that FAR 1 s are not affected when strength is manipulated within lists (e.g., Morrell et al., 2002) . Indeed, the consistency with which strength-based mirror effects occur between lists, but not within lists, has led some to conclude that the strength effect has completely different bases in between-lists versus within-list paradigms (e.g., Morrel et al., 2002; Stretch & Wixted, 1998) . That is, the between-lists strength effect is based on a Type-1 criterion shift (producing a full mirror effect; see Model A in Figure 3 ), whereas no criterion shift occurs when strength is manipulated within lists (producing the HR 1 portion of the mirror effect, but not the FAR 1 portion).
For Experiment 2, we investigated the within-list strength effect, again using Type-2 SDT, and used living and nonliving words as strength category cues. Thus, for a given participant, all words designating living things (e.g., "chicken") were presented at one level of strength in the study list, whereas words designating nonliving things (e.g., "iron") were presented at the other strength level (counterbalanced across participants). Because this is not a particularly salient cue, we also used a unique labeling methodol-4 It should be noted that Stretch and Wixted (1998) also used the terms "type-1" and "type-2." However, these terms were not used to distinguish between different detection tasks as they are used here. Instead, "type-1" was used to identify a mirror effect caused by a shift in the response criterion (our Model A), whereas "type-2" was used to identify a mirror effect observed in spite of the fact that the response criterion remains fixed (our Model B). ogy during the recognition memory test to highlight the difference between weak and strong items. Two slightly different labeling methodologies were used. For one group of participants (n ϭ 24), instead of simply requiring old/new judgments of each test item, two columns were presented next to each test word, one with the heading "saw 1 time (O) or new (N)?" and the other with the heading "saw 3 times (O) or new (N)?" (Tam, 2006) . Space for an old/new recognition rating was provided next to each test item under only one of the column headings so that it was clear which strength category each item belonged to regardless of whether it was a target or a distractor. For another group of participants (n ϭ 26), two response alternatives were presented next to each test item. For targets and distractors assigned to the strong condition, the two response alternatives were "3" and "0" (i.e., presented either three times or not at all during study). For targets and distractors in the weak condition, the two response alternatives were "1" and "0" (i.e., presented either once or not at all during study). Participants were instructed to circle just one response alternative next to each test item. Such labeling, coupled with the living/nonliving cue, might be enough for participants to adopt different Type-1 response criteria for strong versus weak test items, producing a difference in the FAR 1 s and a mirror effect. On the other hand, if these manipulations did not make the strong versus weak distinction salient enough, then comparable FAR 1 s might be obtained, similar to Stretch and Wixted's (1998) results.
More important, whatever Type-1 results we obtained in Experiment 2 should be reflected in the Type-2 analysis. In particular, if a mirror effect is obtained, then both Model A and Model B shown in Figure 4 are feasible candidates (only with high frequency and low frequency designations replaced with weak and strong, respectively). Following the same reasoning as in Experiment 1, compared with the weak condition, Model A predicts better monitoring of targets, but worse monitoring of distractors, in the strong condition (see Figures 5 and 6 ). On the other hand, Model B predicts better monitoring of both targets and distractors in the strong condition relative to the weak condition.
Conversely, if strength affects the HR 1 s, but no difference in FAR 1 s is observed (i.e., a mirror effect is not obtained), Models A and B are no longer viable candidates because they predict mirror effects. Instead, alternative models must be considered, two of which are shown in Figure 9 . In Model C, there is neither a criterion shift nor separate distractor distributions, so the FAR 1 s do not differ between the strength conditions. However, because there are separate target distributions reflecting the manipulation of strength, different HR 1 s will be obtained. As far as Type-2 analyses are concerned, Model C predicts better monitoring of strong targets compared with weak targets because of the different positioning of the target distributions on the strength-of-evidence scale. However, no difference in the monitoring of strong versus weak distractors is predicted because there is only one distribution and one criterion.
Model D in Figure 9 again shows that strength has affected the positioning of the strong and weak target distributions, but it has also affected the positioning of the distractor distributions. In particular, the strong distractor distribution has more strength-ofevidence than the weak distractor distribution. This difference might occur if there is greater similarity amongst items within rather than between the living/nonliving categories used to designate the strong and weak conditions. If so, then strengthening the targets within one of the categories might simultaneously strengthen distractors from the same category because targets and distractors share features. In response to the higher strength-ofevidence for both strong targets and strong distractors, participants adopt a more stringent criterion for those items, moving it the same distance up the strength-of-evidence dimension as the gain in strength-of-evidence for strong distractors. The result will be similar FAR 1 s, but different HR 1 s, between the strong and weak conditions. Because the criterion has shifted to be more conservative for strong items, the effect on distractor monitoring will be similar to that observed from a criterion shift in Model A. That is, strong distractor monitoring is predicted to be much worse than weak distractor monitoring under Model D. This effect is bolstered by the gain in strength-of-evidence for the strong compared with the weak distractor distribution. On the other hand, better target monitoring is predicted for strong targets compared with weak targets under Model D.
In summary, regardless of whether a mirror effect is obtained in Experiment 2, Type-2 SDT analyses can be used to disambiguate the results. If a mirror effect is obtained, then Type-1 indices are inadequate for distinguishing between Models A and B; both predict similar Type-1 data. However, Model A predicts that distractor monitoring will be worse in the strong compared with the weak condition, whereas Model B makes the opposite prediction. If a mirror effect is not obtained, and a single FAR 1 is observed but there is a difference in HR 1 s between the strong and weak conditions, then either Model C or Model D is viable. Again, however, Type-1 data cannot differentiate between these models. On the other hand, Type-2 SDT predicts that there will be no difference in strong versus weak distractor monitoring under Model C, but that the former will be worse than the latter under Model D.
Method
Participants. Participants were 50 undergraduates from the University of Plymouth who participated for partial course credit. Twenty-four participants were assigned to the O-N group, and 26 were assigned to the 0 -1-3 group. All participants gave their informed consent prior to commencing the study.
Materials. A list of 144 English words was used for the experiment, again taken from the MRC psycholinguistic database. All were common English nouns, between three and eight letters in length, with a Thorndike-Lorge frequency between 50 and 1,000. Half of the words represented living items (e.g., parsley, goat), whereas the other half represented nonliving items (e.g., spoon, clock). Study words were presented on a computer screen in black capital letters on a white background as part of a PowerPoint slideshow presentation. Test words were presented on four separate sheets of white paper in black ink capital letters.
Design. The experiment was a 2 (test type: 3-1-0/O-N) ϫ 2 (prior presentation: target/distractor) ϫ 2 (strength: strong/weak) mixed design, with test type manipulated between subjects. At study, 72 words were presented. Half of these words (36) were presented only one time (weak condition), whereas the other half (36) were presented three times (strong condition) for a total of 144 study trials. For half the participants, all living words were presented thrice, whereas all nonliving words were presented once. This strength/item type association was reversed for the other half of participants. At test, 144 words were presented, printed on four test sheets of 36 items each. Of these words, 72 were the previously seen targets, and 72 were distractors. Half of the 72 distractors were living, and half were nonliving. Because of the strength/ item type association of the targets, distractors of a given item type were thus assigned to either the weak or strong condition, depending on the counterbalance condition. Four different study lists and two different test lists were used to rotate the items through the four experimental conditions (target-weak, target-strong, distractor-weak, and distractor-strong). Items were presented in a fixed quasi-random order at both study and test.
Procedure. The procedure of Experiment 2 was identical to that of Experiment 1, aside from the following differences. At study, participants were informed that words would represent something either living or nonliving, and they were instructed to use this difference to help memorize the words. There was no interstimulus interval between words presented at study. At test, the instructions either correctly informed participants that living items were presented three times and that nonliving items were presented once, or vice versa, depending on the counterbalance version. Two different types of test were used across participants: Both types were designed to remind participants of the number of times they had potentially seen a word at study and to make the strength distinction for distractors more explicit on an item-byitem basis. In both cases, each of the four test sheets containing test words (which followed the instruction sheet) consisted of four columns. In the first, far-left column, the test words were listed in a fixed random order that differed from the study order.
For 24 participants in the O-N group, next to the list of test words were two additional columns, the first with the heading "saw 1 time (O) or New (N)?" and the second with the heading "saw 3 times (O) or New (N)?" If a test word had been presented Figure 9 . Two hypothetical signal detection theory models to account for the within-list strength effect in which a difference in the hit rate, but no difference in the false alarm rate, is observed. Model C assumes that there is a single distractor distribution and a single criterion, whereas Model D assumes that there are different positioning of the distractor distributions and a concomitant criterion shift. D ϭ distractor; T ϭ target; S ϭ strong; W ϭ weak; c ϭ the old/new criterion. once at study or was a distractor assigned to the weak condition, a line appeared only under the first column with no space available under the second column to make an O/N rating. Space was available for an O/N rating under the second column, but not the first, if the test item had been presented thrice at study or was a distractor assigned to the strong category. The fourth column (with space next to every test word) was used for a rating of confidence about the accuracy of the response ranging from 1 (not at all confident) to 6 (very confident).
For 26 participants in the 3-1-0 group, next to the list of test words were two additional columns. The first column was used to indicate that the item had been seen during study and the second to indicate that it had not. For strong targets and distractors, the choices available were "3" (saw three times) and "0" (new item), whereas for weak targets and distractors, the available choices were "1" (saw once in study) and "0" (new item). Participants were instructed to circle one of the available alternatives for each test item. Also for the 3-1-0 group, the fourth column was used for a rating of confidence (1-6) about the accuracy of the response.
Results
Preliminary analyses indicated that the manipulation of test type did not exert a significant main effect, nor did it interact with any of the other independent variables, largest F(1, 49) ϭ 2.698, MSE ϭ .045, p ϭ .107, 2 ϭ .053. Consequently, all subsequent analyses were conducted after collapsing over this factor.
Type-1 analysis. As in Experiment 1, HR 1 , FAR 1 , dЈ, and c were calculated for each participant, and each measure was subjected to repeated-measures ANOVA. To avoid undefined values, we applied Snodgrass and Corwin's (1988) correction factor to the frequencies used to create the HR 1 s and FAR 1 s prior to calculating dЈ and c. On the other hand, for statistical tests conducted directly on the HR 1 s and FAR 1 s, uncorrected scores were used. Mean values of all SDT indices are shown in Table 4 as a function of strength.
There was a main effect of strength on uncorrected HR 1 , F(1, 49) ϭ 80.594, MSE ϭ .008, p Ͻ .001, 2 ϭ .622, with a greater HR 1 for strong targets compared with weak targets. However, there was no significant strength effect on false alarms, F Ͻ 1. Overall, discrimination (dЈ) was greater for strong items than for weak items, F(1, 49) ϭ 82.925, MSE ϭ .180, p Ͻ .001, 2 ϭ .629, and the measure of response bias (c) was lower in the strong condition than in the weak condition, F(1, 49) ϭ 28.863, MSE ϭ .093, p ϭ .001, 2 ϭ .371. Type-2 analysis. Similar to Experiment 1, to assess how strength affected participants' monitoring, ROCs for targets and distractors were generated, and a 2 (strength: strong and weak) ϫ 5 (confidence: "6," "5ϩ," "4ϩ," "3ϩ," and "2ϩ") repeatedmeasures ANOVA was conducted on the dependent variable HR 2 Ϫ FAR 2 . ROCs for targets and distractors are reported in Figures 10 and 11 , respectively, and the mean values of HR 2 Ϫ FAR 2 at different levels of confidence by type of item (targets vs. distractors) and strength level (strong vs. weak) are reported in Table 5 . Fifteen participants had to be excluded from the analysis in the strong-target condition, as they produced no M 1 s. Similarly, 3 participants had to be excluded from both the strong and weak distractor conditions because they produced no FA 1 s. 
Discussion
In the current experiment, we investigated the within-list strength effect and, consistent with much other research on the topic (e.g., Bruno, Higham, & Perfect, 2008, Experiment 1; Hirshman, 1995; Morrell et al., 2002; Stretch & Wixted, 1998) , we found that strength had an effect on the HR 1 but no effect on the FAR 1 . Hence, Models A and B (see Figure 4) were eliminated as possible candidates because they predict mirror effects. On the other hand, both Models C and D (see Figure 9 ) predict the pattern of results that was obtained. Increased strength also increased Type-1 discrimination as measured by dЈ and decreased response bias as measured by c. Again, both Models C and D can produce these effects. If it is plausibly assumed that repetition caused the strong target distribution to increase on the confidence-in-oldness scale more than either the strong distractor distribution or the criterion, then both Model C (in which no increase in either the strong distractor distribution or the criterion is observed) and Model D (in which a small increase in both is observed) predict better discrimination and more liberal responding. The latter is predicted because there would be a greater distance between criterion used to judge strong items and the intersection point of the strong target and distractor distributions than between the criterion used to judge weak items and intersection point of the weak target and distractor distributions (see Figure 9) . Thus, the Type-1 data are useful for eliminating Models A and B but are unable to differentiate between Models C and D.
On the other hand, Type-2 analyses eliminated Model D and supported Model C. The Type-2 ROC target analysis revealed a pattern of results analogous to the effect of frequency in Experiment 1. That is, participants monitored strong targets better than weak targets, but only at higher levels of confidence. Again, we attribute this effect to an increase in the conscious recollection of targets, which, following the same reasoning as in Experiment 1, should exert an effect predominantly on high confidence judgments. In contrast, Type-2 ROC analysis indicated that there was no effect of the strength manipulation on distractors; that is, there was no difference in monitoring between the strong and weak conditions, and strength did not interact with confidence. This null result stands in contrast to the effect of frequency in Experiment 1, in which distractor monitoring was better for the class of items that was associated with a higher HR 1 (low frequency items). More important, similar levels of distractor monitoring between the strength conditions was predicted by Model C, whereas Model D predicted that strong distractors will be monitored worse than weak distractors. Thus, Type-2 SDT was able to discriminate between models of recognition performance that Type-1 SDT could not.
As with high frequency items in Experiment 1, the monitoring of both strong and weak distractors was very poor and not significantly above chance. As mentioned above, if it is assumed that the distractor distribution has a mean of zero and the Type-1 criterion is also positioned at zero, monitoring would be equal to chance (see Figure 5) . However, this scenario also predicts that the FAR 1 would be equal to 0.500, which was not the case with either distractor type (see Table 4 ). This issue deserves more attention and is addressed more fully in the General Discussion section.
Experiment 3
An alternative interpretation of the collective results of Experiments 1 and 2 is that differences in distractor monitoring only occur if there are differences in the Type-1 FAR 1 s, with good distractor monitoring for low FAR 1 s and poor distractor monitoring for high FAR 1 s. The data are perfectly consistent with this interpretation. In Experiment 1, in which there were differences in FAR 1 s as a function of frequency, there was also a corresponding variation in distractor monitoring. In Experiment 2, in which there was no difference in the FAR 1 s as a function of strength, there was no variation in distractor monitoring.
Sensitivity of distractor monitoring to the mere magnitude of the FAR 1 might occur if the direct-translation hypothesis is invalid. This hypothesis assumes that it is possible to translate directly the confidence-in-oldness scale to the confidence-in-accuracy scale by computing absolute values, and that the zero point of both dimensions is fixed. However, another possible translation would be to set the zero (guess) point of Type-2 confidence at the Type-1 criterion, wherever that may be, rather than at the zero point of confidence-in-oldness (e.g., Busey, Tunnicliff, Loftus, & Loftus, 2000) . Under this assumption, the Type-2 scale would shift according to the placement of the criterion on the confidence-inoldness dimension, an assumption we hereafter refer to as the shifting-scale hypothesis. This is not an unreasonable hypothesis; the Type-1 criterion marks the crossover point of the old/new decision, so it is not unrealistic to assume that this is also the point of maximum uncertainty (guessing) about accuracy.
It is critical to determine the validity of the shifting-scale hypothesis because the usefulness of Type-2 SDT rests upon it. Consider again the effect on distractors as the criterion is made more conservative. This effect is depicted in the top and middle panels of Figure 5 , which correspond to Model A. Under the direct-translation hypothesis, as the criterion shifts toward conservativeness from the top-left to the middle-left panels of Figure 5 , the Type-2 model shown in the middle-right panel is created, as described in detail above with respect to a manipulation of word frequency.
5 However, if the zero-point on the confidence-inaccuracy scale shifts with the Type-1 criterion, then the same criterion shift will produce the Type-2 model shown in the bottomright panel of Figure 5 , which corresponds to a distractor distribution shift and model B. In other words, if the shifting-scale hypothesis is valid, then both Model A and Model B would produce the same Type-2 model (bottom-right of Figure 5 ), meaning that they would be indistinguishable on the basis of Type-2 data.
To ascertain the validity of the shifting-scale hypothesis, we conducted a third experiment in which the FAR 1 was manipulated with a variable known to affect the response criterion but have no effect on discrimination. In particular, Donaldson's (1996) procedure that varied the number of "old" versus "new" response categories was adopted. In the NNNO group, participants were presented with three response categories to respond "new" but only one for responding "old," whereas the ratio of "new" to "old" response categories was reversed in the NOOO group. Finally, in the NNOO condition, there were two categories each for responding "old" and "new." Different levels of the same response category within each group were used to designate varying levels of Type-1 confidence-in-oldness. Type-2 confidence-in-accuracy ratings were also required after the recognition judgment. On the basis of Donaldson's results, we expected conservative Type-1 responding in the NNNO group, liberal Type-1 responding in the NOOO group, and intermediate Type-1 responding in the NNOO group. However, we expected no between-groups differences in Type-1 discrimination. In other words, this manipulation should vary the FAR 1 by altering the placement of the Type-1 criterion on the confidence-in-oldness dimension, but it should have no effect on dЈ or the placement of the target and distractor distributions on the same dimension.
By varying the criterion in this manner, it was possible to pit the direct-translation and shifting-scale hypotheses against each other. If distractor monitoring is inversely related to the FAR 1 , as the shifting-scale hypothesis predicts, then decreasing the FAR 1 from the liberal NOOO group through to the conservative NNNO group should increase distractor monitoring. Conversely, if monitoring and the FAR 1 are positively correlated, as the direct-translation hypothesis predicts, then the opposite result should obtain.
Method
Participants. Participants were 55 A-level students from Totton College, Hampshire, United Kingdom. They were split into seven groups of participants between 3 and 14 people in size. Their age was between 16 and 18 years: For students under the age of 18 years, participation in the experiment was authorized by their parents or their adult legal representatives, who signed a consent form to allow the treatment of their data. Students who were 18 years of age or above gave consent for the treatment of their own data personally. Two participants were eliminated because of incomplete tests, leaving 53 participants in total.
Materials. A list of 144 English words taken from the MRC psycholinguistic database was used for the experiment. All words were common English nouns, between three and nine letters in length, with a Thorndike-Lorge frequency between 50 and 1,000. In addition to this, four buffer items were used, two at the beginning and two at the end of the study list. Study items were presented on a white board with a projector connected to a Macintosh computer. Test items were presented on four separate sheets of paper.
Design. The experiment was a 2 (prior presentation: target/ distractor) ϫ 3 (test type: NOOO, NNOO, NNNO) mixed design with test type manipulated between subjects. At study, 72 critical words and four buffer words were presented. Three study lists were generated, each with the same buffer words, but a different random selection (and order) of 72 critical words from the pool of 144 words. For the NNNO group (n ϭ 19), 6, 8, and 5 participants received study lists 1, 2, and 3, respectively. The analogous values for the NNOO (n ϭ 17) and NOOO (n ϭ 17) groups were 6, 6, and 5 for Study Lists 1, 2, and 3, respectively. At test, 144 words were presented on four separate sheets of paper, 3 with 41 items and a 4th with 21 items. A different random order of test items was used for each test type group.
Procedure. Prior to beginning the experiment, participants were informed that the study was aimed at investigating recognition memory, and that they would be required to learn a list of words and then later would be tested for their memory of those words. Subsequently, participants were informed the list of words would be 5 Although the earlier description relates specifically to criterion shifts resulting from a manipulation of word frequency, the predictions of Model A with respect to distractor monitoring can be generalized to any of a variety of manipulations that cause a conservative criterion shift. projected onto the white board and that they should attend to it. Study words were presented for 0.5 s each, with an interstimulus interval of 1.5 s. The total amount of time participants were engaged in the study phase was 5 min. After completion of the study phase, participants were required to make old/new recognition judgments to test words (printed on the left side of four test sheets) by choosing one of four response options (appearing in four columns to the right). In the NOOO test-type group, there was one response category for responding "new" and three categories for responding "old" (with varying levels of confidence). These categories were: "New," "Old1" ("not so sure" old), "Old2" ("quite sure" old), and "Old3" ("very sure" old). In the NNOO test-type group, there were two categories each for both "new" and "old" judgments: "New1" ("not so sure" new), "New2" ("very sure" new), "Old1" ("not so sure" old), and "Old2" ("very sure" old). Finally, in the NNNO test-type group, there were three categories for "new" judgments but only one for "old" ones: "New1" ("not so sure" new), "New2" ("quite sure" new), "New3" ("very sure" new), and "Old."
After the recognition response was made, participants also were asked to provide a judgment of how confident they were that their recognition response was correct. The confidence judgment was made for each test response (in a column to the far right of the page) with a 6-point scale, in which 1 ϭ not at all confident, 3 or 4 ϭ somewhat confident, and 6 ϭ very confident. It was made clear to participants that they had to provide a judgment of how confident they were that the response they had provided was correct and not of how confident they were that an item was old or new. Moreover, it was also clarified that "new" responses could elicit a high confidence rating and not just "old" responses. At the end of the test phase, participants were debriefed.
Results
Type-1 analysis. HR 1 s and FAR 1 s were calculated from the number of positive ("old") responses given to test items. Also, dЈ and c were calculated from the corrected HR 1 s and FAR 1 s as in Experiments 1 and 2. Means of all four indices can be found in Table 6 . A one-way between-subjects ANOVA was conducted on the HR 1 , and a main effect of test type was observed, F(2, 50) ϭ 25.419, MSE ϭ .017, p Ͻ .001, 2 ϭ .504, showing that the greatest HR 1 value was in the NOOO test type condition, and the lowest was in the NNNO test type condition. Post hoc analyses (Tukey's honestly significant difference [HSD] ) showed that the difference in HR 1 between the NNNO and the NNOO conditions was significant, mean absolute difference ϭ .154, p ϭ .002, and so was the difference between the NOOO and the NNOO conditions, mean absolute difference ϭ .153, p ϭ .003.
An analogous ANOVA also was conducted on FAR 1 and, again, a main effect of test type was observed, F(2, 50) ϭ 33.725, MSE ϭ .017, p Ͻ .001, 2 ϭ .574, showing that the greatest FAR 1 value was in the NOOO test type condition and the lowest was in the NNNO test type condition. Post hoc analyses (Tukey's HSD) showed that, as with the analysis of HR 1 , the difference in FAR 1 between the NNNO and the NNOO conditions was significant, mean absolute difference ϭ .202, p Ͻ .001, and so was the difference between the NOOO and the NNOO conditions, mean absolute difference ϭ .155, p ϭ .003.
Finally, analogous ANOVAs were conducted on both the SDT measures dЈ and c to examine whether test type had an effect on discrimination and/or response criterion placement, respectively. No main effect of test type was observed on dЈ, F(2, 50) ϭ 2.074, MSE ϭ .329, p ϭ .136, 2 ϭ .077. In contrast, a main effect of test type was detected with c, F(2, 50) ϭ 53.325, MSE ϭ .096, p Ͻ .001, 2 ϭ .681. Post hoc analyses (Tukey's HSD) revealed that the difference in c between the NNNO and the NNOO conditions was significant, mean absolute difference ϭ .597, p Ͻ .001, and so was the difference between the NOOO and the NNOO conditions, mean absolute difference ϭ .464, p Ͻ .001.
Type-2 analysis. As in the previous experiments, ROCs for targets and distractors were generated, which are shown in Figures  12 and 13 , respectively. Two 3 (test type: NOOO, NNOO, NNNO) ϫ 5 (confidence: "6," "5ϩ," "4ϩ," "3ϩ," and "2ϩ") mixed ANOVAs, one for targets and the second for distractors, were conducted on the dependent variable HR 2 Ϫ FAR 2 , with test type as the between-subjects factor. The mean values of HR 2 Ϫ FAR 2 at different levels of confidence by type of item (targets vs. distractors) and test type are reported in Table 7 . One participant had to be excluded from the analysis in the NNNO condition, as they produced no FA 1 s.
The ANOVA conducted on targets revealed a main effect of test type, F(1, 50) ϭ 8.579, MSE ϭ .116, p ϭ .001, 2 ϭ .225, a main effect of confidence, F(4, 200) ϭ 73.504, MSE ϭ .037, p Ͻ .001, 2 ϭ .595, both of which were qualified by a significant interaction: F(8, 200) ϭ 3.039, MSE ϭ .037, p ϭ .016, 2 ϭ .108. Pairwise comparisons were then conducted comparing the NOOO and NNNO conditions, where the greatest difference in bias was detected. The comparisons showed better monitoring in the NNNO group, where responding was more conservative, than in the NOOO group, at all levels of confidence, all Fs(1, 34) Ն 6.514, all ps Յ .015, except the lowest ("2ϩ"), F Ͻ 1.
When the ANOVA was applied to distractors, there was a main effect of test type, F(1, 49) ϭ 5.034, MSE ϭ .212, p ϭ .010, 2 ϭ .170, but no main effect of confidence, F Ͻ 1. The main effect of test type was qualified by a significant interaction : F(8, 196) were again conducted comparing the NOOO and NNNO groups. In contrast to the target monitoring results, these comparisons showed better monitoring in the NOOO group, where responding was more liberal, than in the NNNO group, at all levels of confidence, all Fs(1, 33) Ն 11.733, all ps Յ .002, except the lowest ("2ϩ"), F Ͻ 1. As can be seen in Figures 12 and 13 , monitoring was good for targets but poor for distractors. As in Experiments 1 and 2, six one-sample t-tests, one for each experimental condition, compared mean HR 2 Ϫ FAR 2 against chance (collapsed across confidence levels). For targets, monitoring was above chance in all three experimental conditions: t (18) 
Discussion
In summary, the Type-1 analysis indicated that test type successfully manipulated the response criterion (cf. Donaldson, 1996) . That is, increasing the number of "old" categories from one (NNNO group) to two (NNOO group) to three (NOOO group) monotonically increased the HR 1 s, FAR 1 s, and c. However, the test type manipulation had no effect dЈ, suggesting that the underlying distributions were unaffected.
The Type-2 analyses indicated that manipulating the Type-1 response criterion had opposite effects on target versus distractor monitoring. Specifically, as the criterion was made more conservative, distractor monitoring decreased, whereas target monitoring increased. The distractor monitoring results were predicted by the direct-translation hypothesis but were opposite to the prediction made by the shifting-scale hypothesis. The distractor monitoring results were also opposite to those of Experiment 1 in which a frequency-induced decrease to the FAR 1 produced better, not worse, monitoring. The reason for the difference between experiments is attributable to the underlying cause: Whereas the low FAR 1 in Experiment 1 was due to a shift in the distribution, the cause of the low FAR 1 in Experiment 3 was a criterion shift. Thus, the current results suggest that the direct-translation assumption that we made in Experiments 1 and 2 was valid and that Type-2 analyses can be used to evaluate Type-1 recognition models, at least under experimental conditions similar to our own. We acknowledge, however, that the direct-translation hypothesis may not be valid under all experimental circumstances. We consider possible limitations of the hypothesis in the General Discussion section.
Support for the direct-translation hypothesis is bolstered by the fact that the target monitoring data are also consistent with it. To understand the prediction for targets, remember that compared with distractors, correct and incorrect responses to targets switch places with respect to the Type-1 criterion. Reversing the positions of correct and incorrect responses means that moving the criterion toward conservativeness will increase monitoring under the directtranslation hypothesis. Of course, this result is exactly what we observed in Experiment 3. Figure 12 . Type-2 target receiver operating characteristics for Experiment 3: Filled circles, open circles, and filled triangles represent the NOOO, NNOO, and NNNO groups, respectively. NOOO group ϭ participants were presented with three response categories to respond "old" but only one for responding "new"; NNOO group ϭ participants were presented with two categories each for responding "old" and "new"; NNNO group ϭ participants were presented with three response categories to respond "new" but only one for responding "old"; HR ϭ hit rate; FAR ϭ false alarm rate; 2 ϭ Type-2. Figure 13 . Type-2 distractor receiver operating characteristics for Experiment 3: Filled circles, open circles, and filled triangles represent the NOOO, NNOO, and NNNO groups, respectively. NOOO group ϭ participants were presented with three response categories to respond "old" but only one for responding "new"; NNOO group ϭ participants were presented with two categories each for responding "old" and "new"; NNNO group ϭ participants were presented with three response categories to respond "new" but only one for responding "old"; HR ϭ hit rate; FAR ϭ false alarm rate; 2 ϭ Type-2.
As in Experiments 1 and 2, target monitoring was good in Experiment 3, whereas distractor monitoring was poor. However, one important difference between this experiment and the previous ones was that distractor monitoring in the NNNO group was significantly below chance rather than at chance. This result is predicted by the direct-translation hypothesis for liberal portions of the Type-2 ROC for cases in which the Type-1 criterion is conservative, such as in the NNNO group. For example, the theoretical ROC with crosses in Figure 6 (which corresponds to a conservative criterion shift) shows below-chance monitoring for Type-2 confidence levels of 4 and below. However, the same theoretical ROC in Figure 6 also predicts above-chance distractor monitoring at conservative Type-2 criteria, which is not apparent in the NNNO group's empirical ROC in Figure 13 . Although the NNOO group shows a pattern resembling the theoretical curve (i.e., the ROC for that group is slightly above chance for conservative Type-2 criteria but slightly below chance for liberal Type-2 criteria), it is really the NNNO group that is the best test of the theoretical prediction because responding is maximally conservative in that group (see Table 6 ). Another difference between the conservative-criterion theoretical ROC and NNNO group's empirical ROC is that the former predicts that the liberal points will intercept the right-hand y-axis, whereas the latter shows no evidence of any intercept. We discuss possible reasons for these differences in the General Discussion section.
General Discussion
This article has introduced a new methodology for investigating cognitive and metacognitive processes in recognition memory: Type-2 SDT with ROC analysis. Although Type-2 SDT has recently been successfully applied to a number of different research domains in cognitive psychology-including cued recall (e.g., Higham, 2002; Higham & Tam, 2005 , 2006 , the strategic regulation of accuracy on multiple-choice tests (e.g., Higham, 2007; Higham & Arnold, 2007a , 2007b , answer changing on multiplechoice tests (Higham & Gerrard, 2005) , unconscious perception (Kunimoto, Miller, & Pashler, 2001) , and implicit learning (e.g., Tunney & Shanks, 2003) -to our knowledge, it has not yet been used with recognition memory research. Given the popularity of more traditional, Type-1 (stimulus-contingent) ROC analysis with recognition memory, the absence of Type-2 analysis is rather surprising. We suspect that one reason for this absence is that the methodology for conducting such analysis has not heretofore been delineated. Our hope is that the current article describes the methodology in enough detail so that this gap in the literature is filled.
The application of Type-2 SDT to the word frequency effect in Experiment 1 yielded results that discriminated between two models of performance (see Models A and B in Figure 4 ). In short, the mirror effect obtained in Experiment 1 was attributable to Model B, with different positioning of both the target and distractor distributions with respect to frequency. Model A, which incorporated a within-list criterion shift, was rejected. A similar contribution was made in Experiment 2: Although the Type-1 data effectively eliminated Models A and B, they could not distinguish between Models C and D. However, Type-2 SDT demonstrated decisively that Model C, which incorporated a target distribution difference, a single distractor distribution, and no within-list criterion shift, was a better model of performance than Model D. Experiment 3 lent support for the direct-translation hypothesis that was used in Experiments 1 and 2 to map Type-1 confidence-inoldness onto Type-2 confidence-in-accuracy. Together, the results of both experiments demonstrate that the use of Type-2 in conjunction with Type-1 SDT can discriminate between competing models of recognition performance that cannot be discriminated with Type-1 SDT alone.
Type-1 analyses can sometimes distinguish between competing models of recognition performance when more complex designs are used. Thus, our argument is not that Type-1 SDT on its own has no value, but that using Type-1 and Type-2 SDT together can add diagnostic power to model testing. Importantly, the conclusions we reached regarding how best to model frequency-based and strength-based effects in recognition are generally consistent with other Type-1 research. For example, we concluded that both the frequency-based mirror effect in Experiment 1 and the strength-based effect on HR 1 in Experiment 2 occurred because of distribution differences rather than a within-list criterion shift. Morrell et al. (2002) and Stretch and Wixted (1998) reached similar conclusions using very different (Type-1) methodologies.
More recently, evidence of within-list criterion shifts has been obtained (e.g., Dobbins & Kroll, 2005; Hockley & Niewiadomski, 2007; Rhodes & Jacoby, 2007; Singer & Wixted, 2006 ; see also Verde & Rotello, 2007) . However, mirror effects that occur as a function of strength within a test list of randomly intermixed strong targets, strong distractors, weak targets, and weak distractors, which would typically be seen as evidence of a within-list criterion shift, are rare. Indeed, to our knowledge, our experiments (e.g., Bruno et al., 2008 ; see also Tam, 2006) are the only ones to demonstrate such mirror effects. These experiments have provided some insight as to why mirror effects occur in some cases but not others: If participants deem the overall conditions of the experiment to be poor for memory (i.e., low global subjective memorability), then strength-based mirror effects occur within lists. Under Note. HR 2 ϭ Type-2 hit rate; FAR 2 ϭ Type-2 false alarm rate; NNNO group ϭ participants were presented with three response categories to respond "new" but only one for responding "old"; NNOO group ϭ participants were presented with two categories each for responding "old" and "new"; NOOO group ϭ participants were presented with three response categories to respond "old" but only one for responding "new." a Indicates a statistically significant difference between the NNNO and NOOO groups.
these conditions, participants appear to adopt different strategies for strong versus weak items if these items (predominantly distractors) do not provide any memorial information at test. In particular, lack of memory information for strong distractors is considered diagnostic of their newness, so they are confidently rejected via the metacognitive strategy (Strack & Bless, 1994) , leading to a low FAR 1 . Conversely, forgetting is presumed for a portion of the weak items that provide no memory information. That is, Strack and Bless's (1994) presuppositional strategy is adopted, which causes the proportion of "old" responses and the weak FAR 1 to increase and a mirror effect to occur. On the other hand, if global subjective memorability is high, a similar metacognitive strategy is adopted for all distractors, yielding no difference between strong and weak FAR 1 s and no mirror effect. In terms of other studies demonstrating within-list criterion shifts, one other seems particularly relevant to the current research. Singer and Wixted (2006) manipulated retention intervals and found that participants adopted a more conservative recognition criterion for items belonging to categories that were presented a short time before compared with items from different categories presented 48 hr before. Furthermore, this criterion shift occurred within lists suggesting that it was adjusted on an item-by-item basis. However, participants did not adjust their criterion in this manner if the long retention interval was only 20 min or 40 min instead of 48 hr. Although not a manipulation of strength via repetition per se, this result is generally consistent with the global subjective memorability hypothesis. That is, it is likely that participants would have assessed the global memory conditions to be poor if the test list contained items presented 48 hr before, but they were less likely to do so if the longest retention interval for any item was less than 1 hr. Consequently, when the long retention interval was 48 hr, participants may have attended to the category cues designating the retention interval for a given item at test and adopted different (metacognitive and presuppositional) strategies accordingly. Such strategic switching would have produced the mirror effect that was observed.
The Nature of the Strength of Evidence Dimension
A number of researchers have suggested that the FA 1 portion of the word frequency effect is due to differential levels of memorability between low frequency and high frequency items (e.g., Brown et al., 1977) . Usually, these memorability accounts rely on a concomitant criterion shift such that a more stringent criterion is used to judge the more memorable class of items. However, the current results suggest that criterion shifts did not occur between low and high frequency items, which might be interpreted to mean that subjective memorability played no role in creating the FA 1 portion of the mirror effect in Experiment 1. However, in our view, subjective memorability need not take the form of variable criterion setting as Brown et al. (1977) proposed. If low frequency distractors are more subjectively memorable than high frequency items, this means that they possess evidence for newness, perhaps causing them to be located lower on the confidence-in-oldness scale than high frequency distractors (i.e., toward the "certain new" end of the Type-1 dimension).
If it is assumed that the FA 1 portion of frequency-based mirror effect obtained in Experiment 1 was attributable to differential subjective memorability, then why did subjective memorability not exert a similar effect in Experiment 2? At test, there was a living/nonliving strength cue as well as test labels that clearly identified which distractors were weak and which were strong, so participants could easily have used these cues to reject strong and weak distractors at different rates. This result is particularly remarkable given that the inclusion of test labels for each item made strength highly salient compared with previous studies (e.g., Stretch & Wixted, 1998) , in which participants were required to remember the association between strength and the strengthdesignating cue (e.g., color). One possible explanation might have to do with the fact that word frequency is an intrinsic cue, whereas strength is an extrinsic one. According to Koriat's (1997) cueutilization hypothesis, cues for confidence can be separated into three categories: intrinsic, extrinsic, and mnemonic. He found that participants are typically influenced by intrinsic cues (at least initially), but they discount extrinsic cues. Although the cue accessibility hypothesis was developed primarily for understanding prospective judgments-of-learning, it is conceivable that there are differential effects of intrinsic versus extrinsic cues on Type-1 and Type-2 retrospective confidence as well. As discussed above, it may be the case that extrinsic cues such as strength only influence retrospective Type-1 confidence (i.e., confidence-in-oldness) to distractors, leading to different FAR 1 s, when the overall conditions of the experiment are perceived to be poor for memory (Bruno et al., 2008) .
The Direct-Translation Hypothesis
In all of our Experiments, we gathered only confidence-inaccuracy ratings. However, to derive predictions that could be tested with Type-2 SDT analysis, it was necessary to make some assumptions regarding the relationship between the underlying Type-1 and Type-2 dimensions. In making our specific predictions, we used a simple transformation, mapping absolute values on the Type-1 dimension onto the Type-2 dimension, meaning that confidence-in-newness and confidence-in-oldness transformed symmetrically into confidence-in-accuracy (e.g., Type-1 values of Ϫ3 [high confidence new] and 3 [high confidence old] both translated into 3 [high confidence correct]). This transformation rests on the assumption that confidence in the accuracy of the Type-1 response (i.e., Type-2 confidence) is based on exactly the same evidence used to make the Type-1 response itself. Analogous assumptions have been made by other researchers (e.g., Galvin et al., 2003; Kunimoto et al., 2001, Appendix B) , and it forms an important basis of the direct-translation hypothesis.
The data from Experiment 3 were generally consistent with the direct-translation hypothesis, but the hypothesis might not be valid in other situations if there are variables that affect Type-2 confidence that have no effect on Type-1 accuracy or vice versa. In this vein, Koriat's (1997) cue-utilization hypothesis, although developed primarily for prospective judgments-of-learning, suggests that several intrinsic, extrinsic, and mnemonic cues affect confidence not always related to memory access. For example, Kelley and Lindsay (1993) found that the ease with which memory candidates come to mind has an effect on retrospective confidence but no effect on accuracy. Even more relevant, however, are the results of Busey et al. (2000, Experiment 3) who found that high luminance of faces presented on a recognition memory test increased participants' Type-2 confidence in the accuracy of their recognition responses, but it had no effect on Type-1 recognition accuracy. Indeed, if the faces had originally been studied with low luminance, accuracy was quite poor despite the high confidence. In experimental situations such as these, in which there are variables that affect Type-2 confidence that do not affect Type-1 accuracy, generating a Type-2 model based on Type-1 data may be a more complex process than that which we used here.
Turning to the Type-2 ROC curves from Experiment 2 with these considerations in mind, we note that the shapes of Type-2 ROC curves were qualitatively quite different (see Figure 11 ) even though overall monitoring efficacy did not differ significantly between strong and weak distractors. Perhaps what is most striking about the distractor ROCs is that the FAR 2 at the highest level of confidence (6; bottom left in the ROC space) was considerably higher (0.228) in the strong condition than in the weak condition (0.088), causing monitoring to drop below the chance line in the former case but not in the latter. This difference in FAR 2 was significant, F(1, 37) ϭ 7.978, MSE ϭ .035, p ϭ .008, 2 ϭ 0.177. Critically, however, there was no corresponding strength difference in the FAR 1 s. In other words, participants were more willing to assign high confidence to strong distractors (judged "old") than weak distractors (judged "old"; i.e., strong FAR 2 Ͼ weak FAR 2 ) despite the fact that there was no difference in the actual proportion of "old" responses (i.e., strong FAR 1 ϭ weak FAR 1 ). This pattern of results constitutes a confidence-accuracy dissociation, and suggests that the strength manipulation had an effect on confidence-in-accuracy that it did not have on confidence-inoldness. Such dissociations are problematic for the directtranslation hypothesis.
If there are factors affecting confidence-in-accuracy that have no effect on confidence-in-oldness, this may partly explain why the distractor ROCs in the NNNO group of Experiment 3 (see Figure 13 ) did not conform perfectly to the theoretical prediction for a conservative Type-1 criterion (see middle panel of Figure 5 and ROC curve with crosses in Figure 6 ). In particular, the liberal points of the empirical Type-2 ROC did not intercept the righthand y-axis as predicted by the direct-translation hypothesis. The curve is predicted to intercept this axis because as the Type-2 criterion is moved toward liberality to generate the Type-2 ROC, there are no incorrect responses (derived from FA 1 s) remaining once the point on the scale associated with the Type-1 criterion is reached, causing the FAR 2 to equal 1.0. In Figure 5 , this point on the scale is 0.5. However, if confidence-in-accuracy judgments are not strictly determined by confidence-in-oldness, and extraneous factors add systematic influence or noise to them, then the FAR 2 might fall short of 1.0 at lower Type-2 confidence levels, as was observed in Experiment 3.
Another potential problem with the direct-translation hypothesis is that it does not predict the chance-level monitoring of high frequency distractors in Experiment 1 or of strong distractors in Experiment 2. As noted above, chance-level monitoring could be achieved by setting both the Type-1 criterion and the mean of the distractor distribution at zero on the Type-1 dimension. This would then cause the correct (CR 1 s) and incorrect (FA 1 s) Type-2 item distributions to overlap completely, rendering chance-level Type-2 discrimination. However, such an alteration would produce a FAR 1 of 0.500, which is inconsistent with the empirical FAR 1 s (0.335 for high frequency distractors in Experiment 1 and 0.167 for strong distractors in Experiment 2). It is important to note, however, that a model might be created that maintains the fundamental assumptions of the direct-translation hypothesis but that does not have equal spacing between scale values on the confidence-in-oldness dimension, or spacing between scale values that is unequal between the confidence-in-oldness and confidencein-accuracy dimensions. For example, consider again the Type-1 model in the top-left of Figure 5 , which is translated into Type-2 space in the top-right of the figure. In this model, the FAR 1 is less that .50, which is similar to the empirical data from our experiments. Suppose that instead of equal distance between all scale values on the confidence-in-oldness dimension, the distance between the confidence-in-oldness scale values above the criterion (applicable to the FAR 1 ) was half the distance between the confidence-in-oldness scale values below the criterion (applicable to the CRR 1 ). In such a model, the height of the FAR 1 portion of the curve on the confidence-in-oldness scale would approach zero at ϩ4 instead of ϩ2 as is currently shown. The effect of this alteration after taking absolute values to translate the model into Type-2 space would be to stretch the incorrect response distribution (corresponding to the FAR 1 ) toward the high end of the confidence-in-accuracy scale. In other words, the mean of the incorrect item distribution shown in the top-right of Figure 5 would increase as the distribution is stretched to the right, whereas the correct response distribution would remain the same. This increase in the mean would decrease monitoring, potentially to chance levels, despite the fact that the FAR 1 was below .50. Importantly, however, the data from Experiment 3 suggest that potential problems with the direct-translation hypothesis were unlikely to have undermined the central conclusions we reached in the current research that rested upon it. Nonetheless, the validity of the direct-translation assumption is worthy of further scrutiny if Type-2 SDT is to be used in conjunction with Type-1 SDT in future research on recognition memory. This future research might focus on a more detailed, quantitative description of the mapping of the Type-1 dimension onto the Type-2 dimension or the identification of factors that might affect Type-1 versus Type-2 confidence differently. For now, our aim is simply to introduce the application of Type-2 SDT analyses to old/new recognition in the hopes that it might provide new ways of understanding recognition phenomena and testing models of recognition memory that Type-1 SDT cannot offer on its own. 6 Twelve participants were eliminated from this analysis because of missing data (i.e., they produced FA 1 s). 7 We thank John Wixted for raising this possibility.
